A newly formulated mutation selection equilibrium for lethal X linked recessive traits such as Duchenne muscular dystrophy is presented, which allows for both male and female germline mosaicism. Estimates of the additional parameters used are given, thus allowing the incorporation of germline mosaicism into the calculation of genetic risks.
Generation of children 4 IL 3 i mutation occurring after the primordial germ cell will lead to more than one oocyte or sperm carrying the mutation. This will be called germline mosaicism in the following. Mutation in the meiotic divisions may be considered an extreme case of germline mosaicism with only one oocyte or sperm instead of many carrying the mutation. Mutations occurring after fertilisation and before differentiation of the primordial germ cell will present as somatic mosaics. Only those cells descending from the cell which first carried the mutation will be affected. If the primordial germ cell is among those descendent cells, about 50% of oocytes and spermatocytes will carry the mutation.
Therefore in order to define a new mutation selection equilibrium, two additional parameters have to be included. They are: g-proportion of mutations leading to germline mosaicism. f-mean proportion of half of oocytes or spermatocytes with an X chromosome in the population carrying a mutation resulting from germline mosaicism.
Equal transmission probabilities and equal mutation rates in males and females are assumed. There was no evidence for different mutation rates in males and females in our own data (211 DMD families) (Grimm et Thus the probability (p) of germline mosaicism in this subgroup of mothers is:
Solving (2) for g yields (3): 3 D
If B=0-07 and D:0 1 then f<0 47 and g-0 48. The minimum for f will be about 0-14, because then g= 1. With B fixed at 0 07 it follows from the constraints on f and g that D has to be equal or more than 0-05 (at f=100 and g=0-14) and equal or less than 0-33 (at f=0-14 and g=1O00). The proportion of mothers being a germline mosaic among all female gene carriers (M) is: Under the constraints put on f and g above: 0-24rM-0-78.
EXAMPLE CALCULATIONS
The following calculations will show an application of the new mutation selection equilibrium to risk calculations in DMD.
A small family with only one child, a boy affected with DMD, is assumed. A negative history for DMD is also assumed. In the absence of CK and DNA information a risk of 1/3 or roughly 33-3% would be given for a male fetus to be affected.
Allowing for germline mosaicism, the Bayesian approach shown in table 3 applies and the risk of the fetus being affected (RF) may, discounting a second, independent, new mutation, be given as: R 1-g+g f+ 112 g f2 1/3 B/3 (12) 3 (1-g+g f)
Under the condition that B=0-07, the resulting risk figure is 0-36 instead of 0-33 without germline mosaicism.
In a second step, let the index patient have a grandpaternal haplotype in the dystrophin gene region; the possibility of undetectable crossover be discounted, and a detectable deletion not be present. The aunt of the affected boy is requesting her carrier risk (figure).
In the above situation the aunt is at risk only in the case of germline mosaicism in the grandfather or in the case of a second, independent, new mutation, the latter being discounted because of its low probability. The Bayesian approach for this situation is shown in table 4. The risk for the aunt (RH) is: g f RH= = B (13) 2 (1-g+g f) The resulting carrier risk (RH) is 0 07 (if B=0-07). The probability that the grandfather is a germline mosaic (G) is: g f B G= g (14) 2 (1-g+g f) f G is between 0-07 (B=0-07, f= 1-00) and 0-5 (B=0-07, f=0-14). At D=0-1 G is 0-15. The first defines the frequency of germline mosaicism as the proportion of germline mosaics among all female gene carriers, which is equivalent to formula (11) . The frequency, then, would be M. As stated above, M should be between 0-24 (B=O-07, D=0-10) and 0-78 (B=0-07, D=0-33). A second definition of the frequency of germline mosaicism could be the proportion of patients whose mothers are germline mosaics, which is the one used by Barbujani et al.34 This corresponds to the D in formula (7) . We could show that D has to be equal to or more than 0-05 (at f= 1 -00 and g=0 14) and equal to or less than 0 33 (at f=014 and g=1-00).
It follows from this model that the mutation rate for the DMD locus should be notably higher than previously indirectly estimated. Disregarding germline mosaicism, the mutation rate is one third of the incidence (I).29 Incorporating germline mosaicism the mutation rate is: I
[t = (I-t1) 3 (1-g+g f) If g=0-48, f=0 47, and I-3x 10-4, then Rt=1 3x 104.
As a practical consequence of our considerations it would appear imperative to consider prenatal diagnosis in the mother of a seemingly 'new mutation', as she could very well be a germline mosaic for DMD.
Further investigation is needed to strengthen the estimates of g and f.
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